on behalf of the J-HOP study group background Several guidelines recommend that home blood pressure (HBP) be measured both in the morning and in the evening. However, there have been fewer reports about the clinical significance of morning HBP than about the clinical significance of evening HBP.
Over the past decade, evidence has been mounting that selfmeasured home blood pressure (HBP) is more closely associated with hypertensive asymptomatic organ damage and subsequent cardiovascular events than clinic BP (CBP) in both community-dwelling populations and hypertensive patients. [1] [2] [3] [4] All recent guidelines recommend introduction of self-measured HBP monitoring (HBPM) for management of hypertension in clinical practice. 1, 2 Although some cohort studies on HBPM have been published, these reports have been limited in key respect. [5] [6] [7] Two of the three cohort studies enrolled individuals from the general population. 5, 6 Thus, for clinical physicians, information on home BP (HBP) for ambulatory high-risk patients is necessary in real-world clinical practice.
The Japan Morning Surge Home Blood Pressure (J-HOP) Study enrolled patients who had more than one cardiovascular risk factor and were attending ambulatory clinics for routine checkups. 8 This study has several more robust data sets compared with previous studies. 7, 9, 10 First, the J-HOP study used more total BP readings than previous studies. Second, BP was measured using a validated cuff oscillometric device with memory storage. Third, the HBP was measured three times on each occasion (Supplementary  Table S1 ).
In the management of hypertension, clinicians should be aware of the potential for various types of asymptomatic organ damage that include, but are not limited to, cardiac and arterial damage. Indeed, biomarkers, including the urinary albumin-creatinine ratio (UACR), brain natriuretic peptide (BNP), pulse wave velocity (PWV), left ventricular mass index (LVMI), and carotid intima-media thickness (IMT), have been prospectively related to the risk for clinical cardiovascular disease events. [11] [12] [13] [14] [15] Recently, highsensitivity cardiac troponin T (Hs-cTnT) has been associated with cardiovascular events in community-dwelling individuals. 16 Several guidelines recommend routine monitoring of both morning and evening HBP. 2, 17, 18 Large prospective studies have shown that morning HBP is an independent risk factor for cardiovascular events. Yet, few studies have assessed the independent or incremental predictive ability of evening HBP over morning BP for organ damage. In this backdrop, we modeled the associations between morning and evening HBP levels, both alone as well as together, for preclinical cardiac and extracardiac organ damage in a large sample of asymptomatic patients recruited for the J-HOP study who had one or more cardiovascular risk factors. The aim of our study was to assess the differential prognostic significance of HBP in the morning (morning BP) and the evening (evening BP).
METHODS
Patients for the J-HOP study were recruited consecutively from January 2005 to May 2012 by 75 doctors at 71 institutions (45 primary practices, 22 hospital-based outpatient clinics, and 4 specialized university hospitals) throughout Japan. The ethics committee of the internal review board of the Jichi Medical University School of Medicine, Tochigi, Japan, approved the protocol. The study protocol was registered on a clinical trials registration site (University Hospital Medical Information Network Clinical Trials Registry, UMIN000000894). Written informed consent was obtained from all patients enrolled in the study.
Study subjects
Between January 2005 and May 2012, we enrolled 4,310 ambulatory outpatients who had one or more of the following cardiovascular risks: hypertension, hyperlipidemia, diabetes (fasting blood sugar 126 mg/dl and/or current use of an antidiabetic drug), glucose intolerance, metabolic syndrome, chronic kidney disease (estimated glomerular filtration rate <60 ml/min/1.73 m 2 ), history of cardiovascular disease (coronary artery disease, stroke, aortic dissection, peripheral artery disease, congestive heart failure), atrial fibrillation, current smoking, chronic obstructive pulmonary disease, or sleep apnea syndrome. We excluded patients who had malignancy or chronic inflammatory disease.
BP measurements
HBP was measured using a validated cuff oscillometric device (HEM-5001; Medinote, Omron Healthcare, Kyoto, Japan) 8 according to the Hypertension Guidelines for the Management of Hypertension. 2, 17, 18 This HBPM device automatically takes three measurements at 15-s intervals on each occasion. All recorded BP parameters were stored separately according to whether they were measured in the morning, evening, or during sleep.
We asked study patients to measure their morning HBP (measured after awakening and before breakfast and taking antihypertensive medication) and evening HBP (measured before taking antihypertensive medication and going to bed) in a sitting position for a 2-week period. All data in the HBPM device were downloaded to a computer and sent to the study control center (Jichi Medical University, Tochigi). The averages of all HBPs measured three times in the morning (morning HBP) and three times in the evening (evening HBP) for 14 days (84 readings in total) were separately calculated by the study coordinator, who was blinded to the study participants' clinical characteristics.
Clinic BP was measured at the clinic using the same device and calculated as the average of three consecutive measurements. We advised patients to take their morning medication as usual on the days when they were to visit the clinic.
Echocardiography, ultrasonographic measurements of the carotid artery, and pulse wave velocity Echocardiography was performed at each participating institution. Two-dimensional M-mode or B-mode images were obtained using an ultrasound machine according to the guidelines of the American Society of Echocardiology and the European Association of Echocardiography. 19 The LVM was obtained using the formula validated by the American Society of Echocardiology: LVM = 0.8 (1.04 ([LVIDD + PWTD +IVSTD] 3 − [LVIDD])) 3 + 0.6 g, where LVIDD is the diastolic LV dimension, PWTD is the diastolic posterior wall diameter, and IVSTD is the diastolic interventricular septal diameter. The LVMI was calculated as LV mass/body surface area. At each participating institution, the carotid intima-media thickness was assessed for the right and left common carotid artery using a B-mode ultrasound scanner. Carotid IMT was measured at 3 points proximal to the bilateral carotid bulb (far wall) in 10-mm segments at end-diastole and always in plaque-free segments. If plaque existed at the IMT measuring point, an appropriate adjacent portion was chosen. The mean of the right and left maximum carotid IMT (6 points total) was used in the analysis (max IMT). The brachial-ankle PWV (baPWV) was measured using the volume plethysmographic method with previously validated equipment (form PWV/ABI; Omron Healthcare Co, Ltd, Kyoto, Japan). The details of the measurements and the reproducibility of this automatic method have been described elsewhere. 20 We used the mean of right and left baPWV values for the analysis.
Biomarker assays
The measurement method of biomarker assays is described in the Supplementary Materials.
Statistical analysis
All analyses were performed for all 4,310 patients, and the data were expressed as the means (± standard deviation) or percentages. For some patients, measurements of some organ damage were also obtained for an optional substudy.
In the current study, the UACR of 4,296 patients, LVMI of 1,845 patients, baPWV of 2,695 patients, max IMT of 1,356 patients, N-terminal pro-brain−type natriuretic peptide (NT-proBNP) of 3,643 patients, and Hs-cTnT of 3,635 patients were finally used. Details of the statistical analyses performed are provided in the Supplementary Materials. Table 1 shows the characteristics of the patients in this study. The mean age was 64.8 ± 10.9 years, and 47.0% were men. The prevalences of regular alcohol use, smoking, hyperlipidemia, and diabetes mellitus were 28.0%, 12.0%, 40.7%, and 23.5%, respectively; 79.1% of the subjects were using antihypertensive medication.
RESULTS

Patient characteristics
HBP and asymptomatic organ damage
Both morning and evening systolic BP (SBP) levels were significantly associated with all organ damages (Supplementary Table S2 ). A comparison of the correlation coefficients from these relationships demonstrates that a more accurate index of baPWV (P < 0.01), NT-proBNP (P < 0.001), and Hs-cTnT (P < 0.01) was provided by morning SBP than by evening SBP. With regard to diastolic BP (DBP), both morning and evening DBP were positively associated with log UACR, while both BPs were negatively associated with baPWV, max IMT, log NT-proBNP, and log Hs-cTnT (Supplementary Table S2 ). In multiple linear regression analyses, morning SBP was independently associated with all organ damages after adjusting for covariates. Evening SBP was independently associated with UACR, LVMI, baPWV, NT-proBNP, and Hs-cTnT but not max IMT (Table 2) . With regard to DBP, morning DBP was independently associated with log UACR, whereas it had the effect of suppressor in relation to baPWV, log NT-proBNP, and log Hs-cTnT. Evening DBP was independently associated with log UACR, whereas it had the effect of suppressor in relation to baPWV (Supplementary Table S3 ).
Joint association of morning and evening BP with organ damage
In a multiple linear regression model of SBP, the goodnessof-fit of the relationship between SBP and UACR was incrementally improved by adding each SBP measure to clinic SBP (and confounding factors) in the following order: morning SBP and evening SBP. This association was also found in baPWV. However, addition of evening SBP did not improve the goodness-of-fit of the relationships between SBP and LVMI, max IMT, NT-proBNP, or Hs-cTnT (Table 3) . With regard to DBP, adding evening DBP improved the goodness-of-fit of the relationships between DBP and baPWV and NT-proBNP (Supplementary Table S4 ). To investigate whether there was a change in the goodness-of-fit of the linear relationship between BP and hypertensive organ damage induced by adding each SBP measure to clinic SBP (and confounding factors), we added morning and evening BP in reverse order in multiple linear regression model of SBP. The goodness-of-fit of the relationships between SBP and UACR, LVMI, baPWV, NT-proBNP, and Hs-cTnT was incrementally improved by adding morning SBP (Table 4) . With regard to DBP, adding morning DBP improved the goodness-of-fit of the relationships between DBP and log UACR, NT-proBNP and Hs-cTnT (Supplementary Table S5 ). Next, we evaluated the association between binary outcome of organ damage and morning or evening BP level using area under the curve (AUC). The prevalence of microalbuminuria (UACR >30 mg/g Cr), LVH (LVMI >115 g/m 2 in men and >95 g/m 2 in women), abnormal baPWV (>1,750 cm/s), carotid atherosclerosis (max IMT ≥1.1 mm), abnormal NT-proBNP (>400 pg/ml), and abnormal Hs-cTnT (>0.014 ng/ml) was 25.4%, 36.4%, 34.8%, 29.3%, 4.0%, and 8.4%, respectively. There was no difference in AUC for organ damage between morning SBP and evening SBP (UACR, 0.63 vs. 0.62; LVMI, 0.59 vs. 0.60; baPWV, 0.68 vs. 0.65; max IMT, 0.55 vs. 0.54; NT-proBNP, 0.57 vs. 0.53; Hs-cTnT, 0.61 vs. 0.57), although AUC of morning SBP tended to be higher than that of evening SBP except for LVMI. When we divided morning and evening BPs into tertiles and compared the prevalence of binary outcome of organ damage between the highest tertile of morning and evening BPs, significant differences were not found (data not shown).
DISCUSSION
We have shown in nationwide ambulatory Japanese patients that HBPs were associated with asymptomatic organ damage. In multivariate analyses, morning and evening BPs are equally associated with organ damage. Adding the measurement of evening SBP to morning SBP improved the goodness-of-fit of the association between SBP and UACR or PWV, while this association was not found for other organ damage markers. On the other hand, adding the measurement of morning SBP to evening SBP improved the goodness-of-fit of the association between SBP and organ damage markers except for max IMT. The strength of the present investigation was its large sample size and use of nationwide ambulatory patients, six markers of asymptomatic organ damage, and an HBPM device with memory storage.
Morning BP and organ damage
Cross-sectional observations of hypertensive patients have demonstrated a strong association between increasing morning BP level and vascular damage throughout the circulatory system, including the myocardium, large arteries, and other organs. [21] [22] [23] [24] [25] [26] Our results support the findings of these previous studies. This is the first study to show an association between morning BP measured at home and organ damage in a large number of ambulatory patients. Previously we assessed the impact of targeted treatment of morning BP on microalbuminuria by bedtime administration of the alphaadrenergic blocker doxazosin. 27 The reduction of UACR as a marker of asymptomatic organ damage was significantly associated with the use of doxazosin, the baseline morning BP, and the change in morning BP; these associations were independent of each other. In clinical practice, therefore, we conclude that it is necessary to evaluate and control morning BP in order to prevent the progression of organ damage.
Evening BP and organ damage
This study showed that evening BP was independently associated with organ damage after adjusting for covariates. No prior investigation has evaluated the association between evening BP and different markers of organ damage because most previous studies used an average of morning and evening BP and a small series. [28] [29] [30] [31] A large number of ambulatory patients and multiple asymptomatic organ damages have not been studied. In real-world clinical practice, the difference between measuring both morning and evening BP and measuring either morning or evening BP would depend on individuals' lifestyles. If patients measure evening BP without measuring morning BP, physicians should use measured evening BP as a good indicator of management for hypertension.
Joint consideration of morning and evening BP for assessment of organ damage
The present study showed that morning SBP improved the goodness-of-fit of the association between evening SBP and organ damage markers except in the case of max IMT. This is the first study to show that morning SBP is significantly associated with asymptomatic organ damage, as has been found for evening SBP, in a large number of ambulatory patients.
This study showed that addition of evening home SBP did not enhance the ability of morning SBP to predict LVMI, max IMT, NT-proBNP, or Hs-cTnT. The fact that morning BP had a greater clinical impact on organ damage compared with evening BP might have been related to the effects of antihypertensive treatment. The patients with higher morning BP might be affected by an insufficient duration of action of antihypertensive treatment; about 80% of the patients in our study were treated. In treated patients, control of morning BP is important for regression of organ damage.
In contrast, evening SBP enhanced the ability of morning SBP to predict UACR and baPWV. It is not clear why the improvement of evening SBP was different with organ damage. Abbreviations: baPWV, brachial-ankle pulse wave velocity; Hs-cTnT, high-sensitivity cardiac troponin T; LVMI, left ventricular mass index; max IMT, maximum carotid intima-media thickness of carotid artery; NT-proBNP, N-terminal pro-brain-type natriuretic peptide; SBP, systolic blood pressure; UACR, urinary albumin/creatinine ratio; VIF, variance inflation factor.
Systemic BP is a significant determinant of arterial stiffness and affects the escape of albumin from the renal glomerulus. 32 The contribution of BP overload might be dramatic for a change in UACR and baPWV, which are linked to each other in an indirect contribution of endothelial function. 33, 34 In addition, we previously reported that in an interventional study, the lowering of evening HBP was associated more closely with the reduction of UACR in patients with prediabetes/diabetes compared with the association between UACR and morning HBP, while this association was not found in nondiabetic patients. 35 In high-risk patients, tight control of both morning and evening HBP might be important for prevention of kidney damage.
Several guidelines, including Japanese guidelines, have recommended that HBP be measured both in the morning and in the evening. 2, 17, 18 Two large cohort studies have reported that HBP in the morning has greater clinical significance than HBP in the evening. 9, 10 The Ohasama study in a single rural community in Japan demonstrated that morning and evening HBPs seemed to provide equally useful information for assessing cardiovascular risk. 9 The Finn-home study has also reported that morning and evening BPs could be equally predictive of future cardiovascular events. 10 However, these studies did not determine whether morning BP and evening BP provide different information on the development of organ damage. Recognition of the association between organ damage and HBP profiles could help to clarify the effect of BP on organ damage through pathophysiological processes and support physicians when they make clinical decisions about whether to control morning or evening BP.
There are some limitations of this study. First, it was a crosssectional study of the association between HBP measurement and organ damage, and thus the prognostic value of HBP measurement, including antihypertensive treatment, needs to be confirmed by a study based on cardiovascular morbidity and mortality. Second, the slight increases in R2 from model 1 to model 2 plus morning or evening SBP, as shown in Tables  3 and 4 , raise concern about multicollinearity among the different BP measurements, although the value of the variance inflation factor for each variable seems not to be an issue. In addition, HBPM provides multiple BP readings. Therefore, their variability must also be evaluated, if necessary. Several studies have reported that day-by-day variability assessed using HBPM was associated with organ damage in hypertensive and diabetic patients. 36, 37 As the literature proving this point is overwhelming, the current study focused on the association between average HBP level and organ damage.
When both morning BP and evening BP were measured at home following established guidelines, both BPs were associated with organ damage. Measuring evening BP in addition to morning BP improves the association between SBP and Abbreviations: baPWV, brachial-ankle pulse wave velocity; Hs-cTnT, high-sensitivity cardiac troponin T; LVMI, left ventricular mass index; max IMT, maximum carotid intima-media thickness of carotid artery; NT-proBNP, N-terminal pro-brain-type natriuretic peptide; SBP, systolic blood pressure; UACR, urinary albumin/creatinine ratio.
organ damage markers, which contributes to BP overload, such as UACR and baPWV. On the other hand, measuring morning BP in addition to evening BP improves the association between SBP and organ damage markers. Different guidelines recommend the measurement of evening BP at different times, 2, 17, 18 because there are racial and individual differences related to daily customs and culture, such as bathing, time of dinner, and drinking alcohol. In Western countries, evening BP is reported to be slightly higher than morning BP in untreated hypertensive patients. 38 However, in the current study, morning BP was significantly higher than evening BP, as has been shown in previous studies in Japan. 9 Although morning BP and evening BP have equal association with organ damage, only measurement of evening BP is likely to underestimate the risk of organ damage in individuals from Japan. In conclusion, morning BP and evening BP provide equally useful information for subclinical target organ damage, yet multivariate modeling highlighted the stand-alone predictive ability of morning BP.
SUPPLEMENTARY MATERIAL
Supplementary materials are available at American Journal of Hypertension (http://ajh.oxfordjournals.org).
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